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A.  Will you require JoVE to record video microscopy through a microscope? YES: Leica MZ95 (Teaching microscope) and specify the steps by number/short description: 2.1; 2.2; 2.3; 2.5; 2.6 and 2.7 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? N
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps using the step numbers listed in this document: 2.3-2.7. and 2.9.-2.12.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  The most difficult aspect of this procedure is finding the cochlea without damaging the neck muscles, however, each step (2.1; 2.2; 2.3; 2.5; 2.6) is difficult. A lot of practice and familiarity with the cochlea anatomy will ensure success. 

E. Will the filming need to take place in multiple locations? N
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to describe a post-auricular surgical approach that allows the rapid and direct delivery of virus into the mouse cochlear scala tympani through the round window membrane. (Intro) This is accomplished by first exposing the tympanic bulla. (P1) In the second step, the tissue is perforated and the stapedial artery and round window membrane are visualized. (P2) The round window membrane is then punctured and the virus is injected into the scala tympani. (P3) In the final step, the wound is sealed. (P4) Ultimately, the expression of the transgene protein and the recovery of the animal’s hearing can be assessed by immunofluorescent microscopy and measurement of the auditory brainstem response, or ABR (Pronounce: A-B-R), respectively. (P5)
From Jove sketch080114.jpg

(P1) show mouse, then zoom into ear to graphic of cochlea (like cochlea graphic in image)
(P2) make hole in cochlea in same spot as red dot on cochlea graphic
(P3) have syringe appear and inject “virus” into red hole
(P4) have black “plug of muscle” appear and plug red hole
(P5) Figure IF cochwhole mount.tif with Figure4 ABR.tif with “measurement … ABR”  and “immunofluorescent microscopy” (the animals are still alive when conducting ABRs but are not alive for the immunohistochemistry)
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Akil Omar: The main advantages of this technique over existing methods, like cochleostomy and the ventral approach, are that the post-auricular round window membrane injection method is minimally invasive, relatively fast, allows the injection of higher volumes, and facilitates the widespread transfection of a variety of cells throughout the cochlea.   

1.2. Lustig R. Lawrence Akil Omar: Generally, individuals new to this method will struggle because the procedure is heavily dependent on a thorough understanding of the anatomy of the cochlea.
Protocol (read by voice talent at JoVE):
2. Assessment of cochlear function following viral delivery using auditory brainstem response (ABR) recordings
2.1. After confirming sedation by toe pinch, shave the left post-auricular region and disinfect the skin of a postnatal day 10-12 mouse with 70% ethanol and povidone-iodine. 
2.1.1. WIDE: Talent pinching mouse’s toe (Videographer: If possible, get foot in frame but not whole mouse)  (TEXT: Anesthesia: ketamine hydrochloride 100 mg/kg, xylazine hydrochloride 10 mg/kg)
2.1.2. CU: Shot of auricular region being shaved for a few seconds
2.1.3. CU: Few seconds of skin being disinfected with ethanol or povidone-iodine
2.2. Then cover the eyes with a protective ophthalmic ointment and position the animal with the neck extended on a heating pad. 
2.2.1. ECU: Eye ointment being put onto one eye
2.2.2. CU: Shot of mouse’s neck being extended, if possible with hand covering mouse eyes/mouth/nose
2.3. When the surgical preparation is complete, incise the subcutaneous tissue with small scissors to expose the post-auricular muscle. 
2.3.1. SCOPE: Few seconds incision being made
2.3.2. [moved] SCOPE: Shot of exposed post-auricular muscle 
2.4. After retracting the adipose tissue to the posterior side of the incision, separate the muscles to the right and left sides perpendicular to the incision to expose the temporal bone. 
2.4.1. SCOPE: Shot of retracted adipose tissue
2.3.2
[moved] SCOPE: Shot of exposed post-auricular muscle
2.4.2. SCOPE: Few seconds muscles being separated to the right or left of incision
2.4.3. SCOPE: Shot of exposed temporal bone
2.5. Use a 25G needle to perforate the tympanic bulla, peeling the bone back with forceps as necessary to expand the hole and to allow access to the basal turn of the cochlea.
2.5.1. SCOPE: Few seconds needle perforating bulla
2.5.2. SCOPE: Few seconds bone being peeled back with forceps
2.6. Then widen the hole sufficiently to allow visualization of the stapedial artery and the round window membrane.
2.6.1. SCOPE: Few seconds hole being widened
2.6.2. SCOPE: Shot of stapedial artery and RWM
2.7. Puncture the round window membrane gently in the center with a borosilicate capillary pipette. Dry the round window membrane with a sterile filter paper, then wait 5-10 minutes for the fluid efflux to stabilize.
2.7.1. SCOPE: Few seconds of RWM being punctured with pipette
Switch order of 2.7.2 and 2.7.3
2.7.2. SCOPE: Few seconds fluid effluxing stabilizing
2.7.3. SCOPE: Few seconds RWM being dried with filter paper
2.8. [Spoken by Talent, Stephanie Rouse interview style (looking just off camera)]: At this step, take care when holding and advancing the pipette so that the round window membrane perforation is as small as possible. Depending on the microscope used, the pipette can be held by hand or by micromanipulator. As you can see, we hold the pipette by hand because our microscope is too close to the mouse to allow for a micromanipulator.
2.8.1. MED: Talent speaking the above, interview style
2.9. Now draw 1-2 microliters of the virus into a pulled glass pipette with a 15 micrometer diameter tip and microinject the virus into the scala tympani through the same hole previously made in the round window membrane.
2.9.1. CU: Few seconds virus being drawn into pulled glass pipette tip  (TEXT: e.g., AAV1-VGLUT3, AAV1-GFP or AAV2-GFP) 
2.9.2. SCOPE: Few seconds virus being injected into round window membrane hole
2.10. Then pull out the pipette and quickly seal the round window membrane niche with a small plug of muscle, securing it with a small drop of tissue adhesive. 
2.10.1. SCOPE: Pipette being pulled out
2.10.2. SCOPE: Few seconds muscle plug being placed
2.10.3. SCOPE: Tissue adhesive being placed (TEXT: Failure to seal = hearing loss)
2.11. Cover the hole in the auditory bulla with adipose tissue and return the post-auricular muscles and adipose tissue to their normal position. 
2.11.1. SCOPE: Adipose tissue being placed over hole
2.11.2. SCOPE: Few seconds muscles and/or tissue being returned to normal position
2.12. Next, using a 6-0 or smaller absorbable chromic suture, close the wound and disinfect the incision area with povidone-iodine.   
2.12.1. SCOPE: Few seconds at least one suture being placed
2.12.2. CU: Few seconds incision being disinfected
2.13. Then place the mouse in a warm cage, returning the pup to the mother after full recovery with daily monitoring.
2.13.1. MED: Talent placing pup into warm cage (TEXT: Analgesia: caprofren 2 mg/kg) 
2.13.2. CU: Pup being placed back with mother
2.14. To assess cochlear function, as early as 4 days after viral delivery, position a sedated, transfected animal on a heating pad and then place subdermal needle electrodes at the vertex, below the pinna of the left ear and below the contralateral ear. 
2.14.1. MED: Talent approaches bench, carrying material (no mice in frame)

2.14.2. MED: Talent placing sedated mouse on heating pad (Videographer: More Talent than mouse in shot) (TEXT: Anesthesia: ketamine hydochloride 100 mg/kg, xylazine hydrochloride 10 mg/kg w/o acepromazine) 
2.14.3. CU: Shot of subdermal needle electrode(s) being placed at vertex/below the pinna of the left ear

2.14.4. CU: Shot of electrode(s) being placed below contralateral ear

2.15. Finally, start recording the auditory brainstem responses, or ABRs (Pronounce: A-B-R’s) in a soundproof chamber as previously described, measuring Wave I to analyze the activity of the cochlear nerve.
2.15.1. MED: Few seconds of Talent/mouse in soundproof chamber, with ABR being recorded (TEXT: See text for ABR protocol references)
2.15.2. MED – over the shoulder: Few seconds Talent at monitor, measuring Wave I (TEXT: Lowest stimulus level = ABR threshold) 
3. Results: Representative ABR assessment
3.1. As seen in the image, this approach demonstrates successful transgene expression within inner hair cells, outer hair cells, and supporting cells without significant organ of Corti injury.  
3.1.1. LAB MEDIA: 52187_PIname_Figure2 .tif (Video Editor: with “inner hair cells” please add/highlight the IHC text; with “outer hair cells” please add/highlight the OHC text)
3.2. That different cell types expressing GFP can be observed in the cochlear whole-mount demonstrates that the choice of adeno-associated virus serotype must be compatible with the cell types to be transduced. 
3.2.1. LAB MEDIA: 52187_PIname_Figure3A.tif (Video Editor: with “different … observed” please add/highlight the white arrows)
3.3. Further, the distribution of the inner hair cells expressing VGLUT3 (Pronounce: V-G-L-U-T-3) after virus transfection suggests that transfection via the round window membrane is more effective and uniform throughout the whole cochlea than other methods that have reported higher transfection rates closer to the site of viral delivery. 
3.3.1. LAB MEDIA: 52187_PIname_Figure3B.tif (Video Editor: with “the distribution … membrane” please highlight the grey data bar)
3.4. Transfection rates also can be made more efficient by increasing the volume of the virus injected into the inner ear, as demonstrated in these images.
3.4.1. LAB MEDIA: 52187_PIname_Figure1.tif (Video Editor: with “as demonstrated in these images” please highlight the bottom row of images)
3.5. Here the effect of post-auricular round window membrane delivery of VGLUT3 virus into the inner ear of VGLUT3 knockout mice on hearing rescue is demonstrated. As seen in the graph, the ABR traces were restored in the VGLUT3 rescued knockout mouse, reaching thresholds comparable to those seen in wild-type mice.
3.5.1. LAB MEDIA: 52187_PIname_Figure4.tif (Video Editor: with “the ABR … knockout mouse” please highlight the “rescued KO” data in the left graph; with “reaching … mice” please highlight black data line in the right graph)

4. Conclusion (said by authors on camera)
4.1. Akil Omar: While attempting this procedure, it’s important to remember to take your time for each step to prevent damage to the inner and middle ear structures as well as the neck muscles.

4.2. Lustig R. Lawrence Akil Omar: After watching this video, you should have a good understanding of how to perform a post-auricular surgical approach for the delivery of molecular, pharmacologic and viral experimental treatments into the mouse cochlear scala tympani through the round window membrane.
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  
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3.1- 52187_PIname_Figure2.tif- double labeling immunofluorescence of the cochlea whole mount at 20X
3.2- 52187_PIname_Figure3A.tif- double labeling immunofluorescence of the cochlea whole mount at 20X
3.3- 52187_PIname_Figure3B.tif- inner hair cell count

3.4- 52187_PIname_Figure1.tif- triple labeling immunofluorescence of the cochlea whole mount at 60X

3.5- 52187_PIname_Figure4.tif- Auditory brainstem response (ABR) assessment 
General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.
You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
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